The somatomedin activity in synovial fluids from 50 patients with a variety of joint diseases has been studied and compared with the activity in each of the patient's own serum and a standard reference serum (SRS). The porcine costal cartilage bioassay of Van den Brande and Du Caju (1974a) has been used with the isotopes 3H-thymidine and 35S-sulphate. Synovial fluids from most patients with post-traumatic and post-operative effusions, osteoarthritis and arthritis associated with psoriasis, Reiter's disease, and ankylosing spondylitis stimulated the synthesis of DNA and proteoglycans in cartilage. Synovial fluids from patients with rheumatoid arthritis either had impaired capacity to stimulate DNA synthesis, or they inhibited it; a similar, but less evident pattern was observed for proteoglycan synthesis. Some synovial fluids from patients with miscellaneous synovitides stimulated, while others inhibited cartilage metabolism. It is concluded that the synovial fluid from patients with rheumatoid arthritis and from some patients with miscellaneous synovitides contained an inhibitor(s) to DNA and possibly proteoglycan synthesis.
thymidine or 35S-sulphate into cartilage. Somatomedin(s) is a stimulant of such metabolism.
Since a preparation of purified somatomedin is not available for routine use, a pool ofnormal human serum was used as the somatomedin standard. This was termed the standard reference serum (SRS) and was included in every assay. The dose response lines for the SRS and the test fluids were compared and for a valid somatomedin assay they must have a significant regression and be parallel. A significant regression indicates that the isotopic uptake increased with increasing concentrations of the fluids and hence the fluids contained a net stimulant(s) to cartilage metabolism. Parallelism between the standard and test fluids indicates that isotopic uptake increased by proportionately the same amount with increasing concentrations of each fluid. In this case it is generally considered that somatomedin(s) produced the response in each fluid. When dose response curves for the standard and the test 303 fluids are not parallel, then factors other than somatomedins are generally considered to be influencing the result. When a fluid gave a dose response line with a significant negative regression, isotopic uptake decreased with increasing concentrations of the fluid. This indicates the presence in that fluid of an inhibitor(s) to the uptake and/or the incorporation of the isotope.
Materials and methods

SAMPLE COLLECTION AND PREPARATION
Synovialfluid and blood samples were obtained from 50 patients with a variety of disorders and diseases as shown in Table 1 . Using the criteria of the American Rheumatism Association, all the patients in group 2 had 'classical' rheumatoid arthritis (Ropes et al., 1959) . Samples were obtained from patients with post-traumatic and post-operative effusions at arthroscopy for internal derangement of the knee (3) or after surgery for torn menisci (4), patellectomy for chondromalacia patellae (2) or lateral release at the knee (1). One fluid was obtained from a patient with a haemorrhagic effusion associated with pathological fracture of the tibial plateau.
The synovial fluid and blood samples were taken at the same time and collected into plain glass bottles. Both samples were incubated at 37°C for 1 hour and then left in the refrigerator overnight. Serum was withdrawn from the clotted blood and centrifuged at 500 g for 20 min. The synovial fluid samples were also spun at 500 g for 20 min. The clear supernatants were retained and stored at -20°C until assayed.
Samples of synovial fluid from the patients with arthritic joints were collected into tubes containing EDTA (ethylenediaminetetra-acetic acid) for total and differential cell counts.
The erythrocyte sedimentation rate was obtained from a blood sample taken within 1 month of the aspiration of the arthritic joint.
The human standard reference serum (SRS) consisted of pooled sera from 21 normal adults (age range 18 to 48 years). It had been dispensed in aliquots and stored at -20°C. The standard reference serum was included in every assay.
ANALYSES
Somatomedin bioassay
The bioassay procedure has previously been reported . The method was modified by serially diluting the test fluids by 40% to 1-2% in Krebs phosphosaline enriched with amino acids (at the concentration in normal human plasma), glucose (1 mg/ml), Hepes buffer (to give a final concentration of 20 mmol/l), and gentamycin (to give a final concentration of 20 IU/ml).
Inorganic sulphate estimations were performed on 26 sera and synovial fluids as previously reported.
The uptake of 35S-sulphate was corrected for the variations in specific activity of the isotope in the 20 % and 40 % concentrations of each fluid. If inorganic sulphate estimations had not been performed on a fluid, the isotopic uptake was corrected using the mean inorganic sulphate concentration for the sera or the synovial fluids that had been analysed. Since the diluent contained approximately three times as much inorganic sulphate as the fluids, normal variations in the inorganic sulphate concentrations in the sera and synovial fluids had little effect on the final inorganic sulphate concentration in any of the dilutions.
The methods for statistical analysis and total protein and albumin estimations have previously been described. Any assay with lambda (mean standard deviation of the response/combined slope) >0-5 was rejected. Albumin estimations were performed using anti-human serum albumin (Behringwerke Table 2 ). They were also evoked by synovial fluids from the 1 patient with juvenile rheumatoid arthritis, from 1 patient with asymmetrical, seronegative polyarthritis, and from the 1 patient with post-Salmonella arthritis.
For these valid somatomedin assays the mean potency ratio of synovial fluid in terms of the patient's own serum was 0-34 (range 0-07 to 0-78) with a mean X of 0-19 (range 0-07 to 0-27), values which are consistent with those previously reported for ox fluids .
Assays were repeated on 3 of these fluids on different occasions and valid somatomedin assays Invalid somatomedin assays These assays were all invalid due to lack of parallelism between the synovial fluid and the patient's serum and the SRS. The dose response curves for 9 synovial fluids were not parallel with those for the sera, but did have a significant regression ( Fig. 2A ). This response was obtained with synovial fluids from 1 patient with a post-operative effusion, osteoarthritis and seronegative oligoarthritis, from 2 patients with ankylosing spondylitis, and from 4 patients with rheumatoid arthritis.
Sixteen synovial fluids, all from patients with rheumatoid arthritis or miscellaneous synovitides, gave dose response curves that had either an insignificant regression (Fig. 2B ) or a significant negative regression (Fig. 2C ). Ten synovial fluids from patients with rheumatoid arthritis evoked decreasing isotopic uptake with increasing concentration. At the higher concentrations, 9 of these fluids induced less isotopic uptake than the diluent (amino acids in Krebs phosphosaline buffer) (Fig. 2C) .
Two synovial fluids gave dose response curves that were parallel with the patient's serum and the SRS over the lower concentrations, but exhibited a significant negative regression over the higher concentrations (Fig. 2D) . One of these fluids was taken after a patellectomy for chondromalacia patellae, and the other was from a 21 year old man who had 'probable' rheumatoid arthritis of 4 months' duration in one knee.
Nine synovial fluids giving invalid somatomedin assays, were retested at a later date and gave results consistent with those obtained for the first assay. Of these, 2 fluids gave dose response curves with a significant positive regression; 2 gave an insignificant regression, and 5 gave a significant negative regression. Two synovial fluid samples The serum protein concentrations were similar in patients from all the groups of disorders (Table 3) . The total protein, albumin, and globulin concentrations were all lower in the patients' synovial fluids than in the sera, but were all higher than the values reported for noimal human synovial fluid (Dittmer, 1961) . The total protein, albumin, and globulin concentrations were similar for synovial fluids giving valid and invalid somatomedin assays and for all the groups of disorders examined.
Combining the valid somatomedin assays for serum and synovial fluid each in terms of SRS there was a significant correlation between the somatomedin potency ratio obtained withx 3H-thymidine and the total protein (r = 0 53, P<0 001), albumin (r = 0-41, 0001<P<001), and globulin (r = 0-38, 0001<P<0 01) concentrations in the fluids. For 35S-sulphate incorporation there was a significant correlation between the somatomedin potency ratio for the patient's serum and synovial fluid each in terms of SRS and the total protein (r = 0 45, 0001<P<0 01) and the albumin (r = 0-42, 0001<P<0'01) concentrations in the fluids, but not for the globulin concentrations (r = 0 30, 0o05<P<o0 10).
There was no significant correlation between the somatomedin potency ratio (using either 3H-thymidine or 35S-sulphate) of synovial fluid in terms of the patient's own serum and the ratio of total protein, albumin, or globulin in the two fluids.
TOTAL AND DIFFERENTIAL CELL COUNTS
There was no significant difference between the number of total leucocytes or neutrophils in the synovial fluid from the patients with rheumatoid arthritis, seronegative spondarthritis, and miscellaneous synovitides (Table 4 ). The number of lymphocytes, however, was significantly lower in the synovial fluid from thepatients with miscellaneous synovitides than from the patients with rheumatoid arthritis (0001<P<0 05) and with seronegative spondarthritis (001<P<0 05).
There was no significant difference between the numbers of total leucocytes, neutrophils, or lymphocytes in the synovial fluids giving valid and invalid somatomedin assays.
ERYTHROCYTE SEDIMENTATION RATES (ESR)
There was no significant correlation between the ESR and the serum somatomedin potency ratio (using either 3H-thymidine or 35S-sulphate).
The patients whose synovial fluids gave valid somatomedin assays had significantly lower ESRs than those whose fluids gave invalid somatomedin assays (P<0 001 for 3H-thymidine and 001<P< 0'05 for 35S-sulphate incorporation). Conversion: SI to traditional units-Total protein, albumin, and globulin: 1 mg/ml = 0-1 g/100 ml. (Fig. 3) . Parallelism was obtained over the lower concentrations of the mixtures, with a level of isotopic uptake that could be expected from the SRS alone. At the higher concentrations, however, there was less isotopic uptake than could be predicted from the SRS component alone, thus confirming the presence Table 5 of inhibitors to somatomedin activity in these fluids. The degree of inhibition of SRS somatomedin activity increased with increasing proportions ofthese synovial fluids. Moreover, the dose response curve for 3H-thymidine incorporation obtained with the mixture of 25% SRS + 75% synovial fluid was similar to the response obtained with 2 pathological synovial fluids (Fig. 2D ).
35S-sulphate
The results obtained for mS-sulphate incorporation resembled those for 3H-thymidine uptake although the precision was lower.
EVALUATION OF THE INFLUENCE OF HYALURONIC ACID ON THE SOMATOMEDIN ACTIVITY IN NORMAL SERUM
3H-thymidine incorporation
The addition of hyaluronic acid to serum had an inhibitory effect on DNA synthesis which was dosedependent ( Fig. 4) . At the lower concentrations of hyaluronic acid (0 25, 0 5, and 1 * 0 mg/ml) the serum somatomedin activity was reduced, but the responses were parallel with those for the serum alone. At 2 0 mg/ml hyaluronic acid the responses were not parallel with those for the serum alone in 2 of the 3 experiments; and at 4 0 mg/ml hyaluronic acid the responses were not parallel in any of the 3 experiments.
35S-sulphate incorporation
The dose response curves for serum supplemented with hyaluronic acid were in all cases parallel with the response curves for the serum alone. There was no significant difference between the uptake of 35S-sulphate for the S concentrations of hyaluronic acid examined in any of the 3 experiments. The potency ratios for all the hyaluronic acid concentrations in the 3 experiments were therefore combined, and the weighted mean potency ratio (Finney, 1964) of serum supplemented with hyaluronic acid in terms of serum alone was 0 91 (95 % fiducial limits 0 80 to 1 * 04).
Discussion
SERA
The somatomedin potency ratio of adult human serum may be expected to approximate to 1 0, that is to have a similar somatomedin activity to the SRS (a pool of normal human serum). The serum somatomedin potency ratios for the patients in this study were generally lower than 1 0; and there was a significant inverse correlation between the serum somatomedin potency ratio and the age of the patient. Serum somatomedin activity in children has been widely reported and in normal children it has been shown to be very low at birth and to increase with age, adult levels gradually being reached after the age of about 10 years (Van den Brande and Du Caju, 1974b; Tato et al., 1975; Burwell et al., 1977) . There is little reported work, however, on serum somatomedin levels in ageing adults. It is possible that age, injury, disease, and/or drug therapy may affect somatomedin generation and/or activity.
SYNOVIAL FLUIDS
The synovial fluids from patients with post-traumatic and post-operative effusions, osteoarthritis, and seronegative spondarthritis produced dose response curves for 3H-thymidine incorporation that were, in general, parallel with the patient's own serum and the SRS. Hence the factor(s) in the synovial fluid from the patients with these disorders and diseases which influenced the metabolism of cartilage is likely to be somatomedin(s). The somatomedin activity was always lower in the synovial fluid than in serum from the same patient. This is probably because serum somatomedin is bound to a protein of molecular weight >50 000 (Van Wyk et al., 1971; Hintz et al., 1974; Van Wyk et al., 1974; Yalow et al., 1975) and protein concentrations were lower in synovial fluid than in serum (Table 4) . It also seems likely that the hyaluronic acid in synovial fluid may reduce the apparent somatomedin activity.
None of the synovial fluids from patients with rheumatoid arthritis produced a dose response line for 3H-thymidine incorporation that was parallel with the patient's own serum or with the SRS. The dose response curves for some of these synovial fluids had a significant regression, others had an insignificant regression and the majority had a significant negative regression. These different slopes for the dose response curves were found to be reproducible when 9 of the synovial fluids were reassayed, but as yet the synovial fluid from only 1 patient with -rheumatoid arthritis has been aspirated and assayed In ox fluids it has been shown that there is a significant correlation between the total protein and albumin content of serum and synovial fluid and the somatomedin activity . The serum somatomedin levels were equivalent in both rheumatoid and non-rheumatoid patients; and the protein concentrations were similar in each of the serum and the synovial fluid of rheumatoid and nonrheumatoid patients. Somatomedin levels in synovial fluid would therefore be expected to be similar in all the patients unless the passage of protein-bound somatomedin across the synovial membrane was selectively restricted in some of them. This may result, for example, from the effects of the disease itself, drugs, ageing, or the interaction of these factors. If somatomedin does enter a rheumatoid joint, then the synovial fluid somatomedin assays may have been invalid due to the degradation of somatomedin within the joint and/or from the presence of specific or non-specific inhibitors to somatomedin activity.
The presence of a factor(s) in synovial fluid from several patients with rheumatoid arthritis and from some patients with miscellaneous synovitides that was capable of inhibiting the basal level of DNA synthesis was suggested by the lower level of isotopic uptake obtained with the higher concentrations of certain of these fluids than with the diluent (an amino acid solution). The ability of this factor(s) to inhibit somatomedin-stimulated DNA synthesis was demonstrated when synovial fluid from 1 patient with rheumatoid arthritis and from 1 patient copyright.
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Because of the different bioassay responses of the serum and the synovial fluid from patients with rheumatoid arthritis, any inhibitors in the synovial fluid must either accumulate in the joint or be produced locally by the articular surface and/or the synovial cells. Possible factors that may contribute to the inhibition include: hyaluronic acid and/or its breakdown products: lysosomal enzymes; rheumatoid factor and other agents associated with the immune response; cortisol; and drugs. The addition ofhyaluronic acid to normal serum was found to have a dose-dependent inhibitory effect on DNA synthesis in cartilage. Serum supplemented with 4 0 mg/ml hyaluronic acid gave invalid somatomedin assays and the dose response curves were similar to those obtained with some pathological synovial fluids. Proteogylcan synthesis was slightly reduced by the addition of hyaluronic acid to serum, but valid somatomedin assays were obtained for all the concentrations of hyaluronic acid tested. It must be emphasised, however, that the addition of hyaluronic acid to serum does not create the composition of synovial fluid.
Hyaluronic acid has been reported to decrease proteoglycan synthesis in cultures of chondrocytes obtained from both adult (Wiebkin et al., 1975) and embryonic cartilage (Toole, 1973; Solursh et al., 1974; Handley and Lowther, 1976) . DNA synthesis in chick embryo chondrocytes was, however, found to be unaffected by hyaluronic acid (Toole, 1973; Solursh et al., 1974) .
The possibility that the inhibitory effect of rheumatoid synovial fluid upon DNA synthesis in porcine costal cartilage, which we have found, was due to the concentration of hyaluronic acid in these fluids seems unlikely since hyaluronic acid is present in lower concentrations in rheumatoid synovial fluid than it is in normal human synovial fluid Schuster, 1958a, 1958b; Decker et al., 1959) . Hyaluronic acid may, however, still contribute to the inhibitory properties of the rheumatoid synovial fluid in the following ways. Firstly, in rheumatoid synovial fluid, hyaluronic acid has a decreased molecular weight due to a reduced polymer length (Barker et al., 1963; Seppala, 1964; Balazs et al., 1967) ; hence hyaluronic acid in rheumatoid synovial fluid may have a different effect on cartilage metabolism than hyaluronic acid in normal synovial fluid. Secondly, because the enzymic breakdown of hyaluronic acid has been shown to produce oligosaccharides which are inhibitory to proteoglycan synthesis in cartilage (Toole, 1973; Solursh et al., 1974; Wiebkin et al., 1975) , it is possible that oligosaccharides of hyaluronic acid are involved in the inhibitory effect of rheumatoid synovial fluid.
There is evidence that immune mechanisms participate in the pathogenesis of rheumatoid arthritis (Zvaifler, 1973; Maini, 1977) . Any of the factors involved in the immune response that are present at different concentrations in synovial fluid and serum may contribute to the inhibitory properties of rheumatoid synovial fluids revealed by the porcine costal cartilage bioassay. It seems unlikely that rheumatoid factor itself is responsible for the inhibition since it is usually present at similar concentrations in synovial fluid and in serum (Huskisson et al., 1971; Cracchiolo and Barnett 1972; MacSween et al., 1972) . It may, however, be indirectly involved since serum complexes of IgGrheumatoid factor differ from those found in joint fluids (Zvaifler, 1973) . In rheumatoid arthritis the damage to articular cartilage is thought to be mediated by lysosomal enzymes (Dingle, 1962; Weissmann, 1966; Page Thomas, 1969) . Biochemical studies have shown that the activities of many enzymes are raised in synovial fluid from patients with rheumatoid arthritis, but are normal in synovial fluid from patients with osteoarthritis (Caygill and Pitkeathly, 1966; Jasani et al., 1969; Pruzanski et al., 1970) .
Cortisol, indomethacin, and ibuprofen have all been reported to reduce proteoglycan synthesis in cartilage ( Van den Brande et al., 1975; McKenzie et al., 1976) . The additions of 0 5 to 9 0 ,ug/ml of indomethacin and of 6 25 to 50 [±g/ml of sodium ibuprofen to serum were, however, found to have little effect on the somatomedin activity (Coates, 1977) . Cortisol estimations revealed higher levels in the sera than in the synovial fluids, with similar concentrations in each of these fluids from all patients. It is therefore unlikely that these compounds were responsible for the inhibitory properties of the rheumatoid synovial fluids. We are currently attempting to identify the inhibitory factor(s).
The possible use of the bioassay to categorise patients with synovitis is currently being evaluated.
Possible relevance of the findings to rheumatoid arthritis The effect of pathological synovial fluid has so far been determined only on porcine costal cartilage and the results may not be directly applicable to adult human articular cartilage. It has, however, been shown that chondrocytes dissociated from rabbit articular cartilage respond to somatomedin in normal human serum (Binet etal., 1975) , and to somatomedin produced by the perfusion of growth hormone (Ash and Francis, 1975) . Since human adult articular cartilage is probably dependent on synovial fluid as its sole source of nutrients (Hodge and McKibbin, 1969 ), somatomedin(s) in synovial fluid may be expected to play a role in the metabolism of this tissue.
In rheumatoid articular cartilage large numbers of degenerating, dead, and disintegrating cells have been reported (Mitchell and Shepard, 1970) . If the inhibitor(s) of DNA metabolism in rheumatoid synovial fluid revealed by the porcine costal cartilage bioassay is also active against human articular cartilage, it may hinder any attempted replacement of the necrotic cells. The inhibition of proteoglycan synthesis could lead to matrix proteoglycan depletion, thus predisposing the cartilage collagen framework to mechanically-induced damage. In addition, depletion of the cartilage matrix may allow high molecular weight components, such as immunoglobjlins, to penetrate the matrix and gain access to the chondrocytes (Poole et al., 1973) .
It has been shown that articular cartilage from patients with rheumatoid arthritis incubated in a synthetic medium synthesises more proteoglycan where the matrix has been eroded than in the noneroded cartilage (Jacoby and Jayson, 1976) . Our results question whether this repair revealed by using a synthetic medium in vitro would proceed in the presence of rheumatoid synovial fluid. The influence of both normal and pathological synovial fluid on the metabolism of normal and pathological articular cartilage needs further study.
